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NBS Report No. 9451 

Oa t he  Cor re l a t ion  of Spec t r a l  I r r a d i a n c e s  as 
Determined Through the use of Prism and 

F i 1 t er Spec t r o r  a d i  metric Te chni  que s 

W i l l i a m  E. Schneider, Ralph S t a i r ,  and John K. Jackson 

I. IhiRODUCTION 

The methods p re sen t ly  employed a t  the National Bureau of Standards 
f o r  measuring t h e  s p e c t r a l  i r r ad iances  of var ious 80urces over t h e  s o l a r  
spectrum c o n a i s t  of comparing the s p e c t r a l  i r r a d i a n c e  of the aourc under 
i n v e s t i g a t i o n  t o  t h a t  of n NBS standard of r p e c t r a l  i r r ad iance .  Two 
sets of instrumentat ion g! one based on a conventional monochromator and 
t h e  o the r  a system employing narrow band-passinterference f i l t e r r  t o  
i s o l a t e  t he  r a d i a n t  energy i n t o  d i s c r e t e  wavelengths have been set  up and 
independently used i n  the determination of t h e  s p e c t r a l  i r r a d i a n c e s  of a 
number of sources. 

In r e c e n t  yea r s ,  considerable  interest has  developed i n  the  methods 
and techniques employed i n  the accurate  measurement of the s p e c t r a l  energy 
d i s t r i b u t i o n  of va r ious  lamp, o r  a r c  sources-in p a r t i c u l a r ,  over t h e  s o l a r  
spectrum. The methods p r i n c i p a l l y  employed c o n s i s t  of u s i n  e i t h e r :  (1) 
a etandard of s p e c t r a l  i r r a d i a n c e ,  or of s p e c t r a l  radiance 2’ i n  con- 
junc t ion  w i t h  a conventional monochromator, (2) a standard of s p e c t r a l  
i r r a d i a n c e ,  or of s p e c t r a l  rediance along wi th  a set  of narrow band-pass 
i n t e r f e r e n c e  f i l t e r s  and pho toe lec t r i c  d e t e c t o r s ,  o r  (3) a thermal d e t  c t o r  

o r  a n  abso lu te  radiometer Llused i n  conjunction w i t h  a set of medium t o  wide) 
band-pass f i l t e r s .  It io a l s o  possible  t o  determine the s p e c t r a l  radiance 
of tungaten-fi lament lamps over a l imited o p e c t r a l  
published va lues  f o r  the emis s iv i ty  of tungsten &along w t h  a knowledge 
of t he  b r i g h t n e s s  temperature at a p a r t i c u l a r  wavelength u’, or  Over the 
v i s i b l e  range, t o  c a l c u l a t e  t h e  s p e c t r a l  r a d i a n t  i n t e n s  t y  from a knawledge 

which is c a l i b r a t e d  through tho use of a standard of t o t a l  i r r a d i a n c e  ezs/ 
ange by using the  

of the luminous i n t e n s i t y  and the  color temperature. - 11) 

Var i a t ions  i n  the above methods -have been made and information 
h a s  been obtained on the  energy d i s t r i b u t i o n  of a number of source8. Hawever, 
l i t t l e  information i s  a v a i l a b l e  on the abso lu te  c o r r e l a t i o n  of resul ts  
obtained through t h e  use of two o r  more of t h e  above methods. 
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11. P r i  r m  Spec t r o r  a d i  ome t e r  (Ins t rume n t  a t i on) 

As shown i n  Figure 1, the prime component of the "conventional" 
spectroradiometer is t he  qua r t z  double-prism monochromator. The use of 
the double-prism instrument reduces t h e  s c a t t e r e d  f l u x  t o  a minimum and 
a l s o  o f f e r s  a r e l a t i v e l y  high degree of r e so lu t ion .  
is l i g h t  i n w e i g h t  and compact enabl ing i t  t o  be mounted on a r o t a r y  
tu rn tab le .  Thus, the instrument can be r o t a t e d  t o  view f i r s t  one source 
and then another,  one of which is a standard of s p e c t r a l  i r r a d i a n c e .  The 
use of i n f r a s i l  qua r t z  prisms allows the instrument t o  be used over the 
e n t i r e  s p e c t r a l  range of i n t e r e s t .  

The monochromator 

I n  t h i s  instrument a single wavelength drum i s  geared w i t h  l inkage 
c o n t r o l s  which r o t a t e  t he  two p r i s m  making p o r s i b l e  a slow continuous 
scan through the spectrum. A 3-speed r e v e r s i b l e  synchronous motor d r i v e  
has  been constructed and geared t o  t h e  wavelength drum. During each 
r evo lu t ion  of the wavelength drum t h r e e  unevenly spaced c o n t a c t s  b u i l t  
i n t o  the mechanical d r i v e  produce wavelength index marks on the r eco rde r  
cha r t .  The wavelength c a l i b r a t i o n  of the instrument is performed through 
t h e  use of knmn emission l i n e s  of var ious a r c  lamps. 

Since the d e t e c t o r s  used wi th  the  se tup  vary s i g n i f i c a n t l y  in s e n s i -  
t i v i t y  over t h e i r  r ece iv ing  s u r f a c e s  and the  t ransmit tance of t he  mono- 
chromator v a r i e s  over i t s  o p t i c a l  a p e r t u r e ,  a n  i n t e g r a t i n g  sphere is 
placed a t  the entrance s l i t  of t he  instrument i n  order  t o  make su re  t h a t  
the de t ec to r  always views t h e  same "rource." 
in diameterhas a c i r c u l a r  entrance p o r t  (0.75 inch  i n  diameter)  and a 
r ec t angu la r  (0.75 in by 0.25 i n )  e x i t  po r t .  
f a r  enough off the normal t o  the  e x i t  p o r t  t h a t  i t  cannot be seen by the 
d e t e c t  or. 

The sphere which is 3 inches 

The en t r ance  p o r t  is s i t u a t e d  

A number of sphere coa t ings  were examined f o r  re t i v e  e f f i c i e n c y  
wi th  the  r e o u l t a n t  use of MgO reagent  grade powder. d9 The powder io 
appl ied t o  the inne r  surface of the ephere by merely p re s s ing  the  powder 
on the sphere surface by hand and then  smoothing over w i t h  a f i n e  camel's 
h a i r  brurh.  
sphere was found t o  be a f a c t o r  of a t  least 2 g r e a t e r  i n  e f f i c i e n c y  than 
the  o the r  sphere coa t ings  t e s t e d  over t h e  s p e c t r a l  range of about 2.OP t o  
2.5p and e q u a l  t o ,  or g r e a t e r  i n  e f f i c i e n c y  than t h e  o the r  coa t ings  over 
t h e  ramainder of t he  s o l a r  spectrum. 

Although the coa t ing  is r a t h e r  f r a g i l e ,  t he  MgO powder-coated 

Although the r e f l e c t a n c e  of t h e  MgO powder i s  q u i t e  h igh  (about 98%) l41 , 
the  a c t u a l  e f f i c i e n c y  of t he  i n t e g r a t i n g  sphere as used w i t h  the  s e t u p  i s  
q u i t e  low.  The presence of the sphere a t  t he  en t r ance  s l i t  of the mono- 
chromator reduces the flux as m e n  by t h e  d e t e c t o r  by a f a c t o r  of a t  least  
1000. 
in order  t o  ob ta in  e a t i s f a c t o r y  r e s u I t s - - e s p e c i a l l y  Over t h e  W range from 
250 nm t o  300 nm and i n  the  i n f r a r e d  beyond 1.5 microns. 

Therefore, the d e t e c t o r s  and amplifying system must be very s e n s i t i v e  
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Two d e t e c t o r s  a r e  employed t o  cover the  e n t i r e  s p e c t r a l  range from 
An EM1 type 9558 QA photomul t ip l ie r  mounted i n  a 0.25 t o  2.5 microns. 

coolab le  (193'K) housing i s  used from 0.2% t o  O.&, and a 2-mm by 10-mm 
PbS c e l l  a l s o  cooled t o  193'K i s  used from about 0.65 t o  2.5 microns. 
The cool ing of t he  photomul t ip l ie r  r e s u l t s  i n  an inc rease  i n  d e t e c t i v i t y  
of about 2 t o  3, whereas t h e  d e t e c t i v i t y  of the  cooled PbS ce l l  i s  a 
f a c t o r  of 50 g r e a t e r  than the  room temperature PbS c e l l  previously used. 
Both of  t he  de t ec to r  housings a r e  constructed t o  permit e i t h e r  one t o  
be r i g i d l y  mounted a t  the  e x i t  s l i t  of t he  prism instrument.  
and v e r t i c a l  s l o t s  provided on separate  mounting p l a t e s  enable the  d e t e c t o r s  
t o  be pos i t ioned  f o r  g r e a t e s t s e n s i t i v i t v .  

Both h o r i z o n t a l  

Various amplifying systems were t e s t e d  not only f o r  optimal s i g n a l -  
to -noise  r a t i o s ,  but a l s o  f o r  s t a b i l i t y  and convenience i n  a c t u a l  use. 
The h ighes t  s i g n  -noise  r a t i o s  were obtained by using the  lock- in  
type ampl i f i e r s .  a';is/ Of those examined, t h e  Brower Laboratory Model 129 
lock- in  ampl i f i e r  was found t o  be superior  with r e spec t  t o  s t a b i l i t y .  I n  
a c t u a l  use the  inc iden t  f l u x  is chopped a t  33 cps and t h e  output  of t h e  
ampl i f i e r  i s  f ed  d i r e c t l y  t o  a s t r i p - c h a r t  recorder  which can be operated 
a t  a c h a r t  speed of 360 inches/hour. 
(360 inches/hour) i s  e s p e c i a l l y  he lp fu l  when reducing da ta  obtained on 
sources  conta in ing  a number of emission spec t ra .  

The r e l a t i v e l y  f a s t  c h a r t  speed 

I n  an at tempt  t o  reduce s t r a y  r a d i a t i o n  e f f e c t s  to a minumum, a 
c y l i n d r i c a l  s h i e l d  (4 1 / 2  inches i n  length  and 4 1/2  inches i n  diamgter) 
w i th  a f l a t  b lack  i n t e r i o r  su r f ace  is  mounted t o  the  i n t e g r a t i n g  sphere 
d i r e c t l y  i n  f r o n t  of t h e  en t rance  aperture .  The f r o n t  end of t h e  s h i e l d  
i s  removable and, depending on the  geometry involved, a diaphragm having 
t h e  appropr i a t e  s i z e  opening is used. 
be t aken  t h a t  t h e  l i n i t i n g  ape r tu re  of t h e  system i s  t h e  entrance p o r t  of 
t h e  i n t e g r a t i n g  sphere. 

I n  a l l  cases ,  however, c a r e  must 

When t h e  s p e c t r a l  i r r a d i a n c e  of t h e  s tandard  lamp i s  compared wi th  
t h a t  of t h e  source under inves t iga t ion ,  l a rge  d i f f e rences  i n  t h e  major i ty  
of  ca ses  e x i s t  between t h e  i r r a d i a n c e s &  t h e  two sources.  These d i f f e r -  
ences can range up t o  a few o rde r s  of magnitude and usua l ly  vary wi th  
wavelength. Therefore: e i t h e r  a l i n e a r i t y  check of t he  de t ec t ion  system 
must be  performed, o r  some means of accura te ly  a t t enua t ing  the  more in t ense  
source  t o  a va lue  roughly equivalent  t o  t h a t  of t h e  o the r  source must be 
emp l o  ye d . 

I n  our case ,  it was found both convenient and accura te  t o  use n e u t r a l  
d e n s i t y  screens  a s  a means of e i t h e r  performing a l i n e a r i t y  check on t h e  
d e t e c t i o n  system, o r  a s  a means of ob ta in ing  "equivalent" i r rad iances .  
t r ansmi t t ances  of t h e  screens were determined through the  use of a s e t  of 
s e c t o r  d i sks  c a l i b r a t e d  by the  Length Measurement Sec t ion  a t  NBS--with the  
screens pos i t ioned  exac t ly  a s  used, 
d i r e c t l y  over t he  opening of t he  c y l i n d r i c a l  s h i e l d  by s l i d i n g  the  screens 
i n t o  a s e t  of grooves mounted on the s h i e l d ' s  diaphragm. 

The 

The screens  (3" x 3") a r e  placed 
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I 111. Prism Spectroradiometer Measurements 

When measurements w i t h  the  prism instrument are made, t he  standard 
of s p e c t r a l  i r r a d i a n c e  is placed a t  a d i s t ance  of e i t h e r  50 o r  30 c m  from 
the entrance p o r t  of the sphere. I n  most ca ses  a standard c a l i b r a t e d  f o r  
i r r a d i a n c e  a t  30 cm i s  used i n  order  t o  o b t a i n  higher  i r r a d i a n c e s  which 
are required i n  the  UV and I R  f o r  s a t i s f a c t o r y  s ignal- to-noise  r a t i o s .  
The spectrometer, along wi th  i t a  a u x i l i a r y  components, i s  then r o t a t e d  t o  
a pre - se t  pos i t i on  and the source under i n v e s t i g a t i o n  i s  then aligned. 
Measurements a r e  made on each source (standard and unknown) by continu- 
ously scanning over the s p e c t r a l  range of each de tec to r .  Usually, a t  
l e a s t  two sets* of curves are obtained on each source. 

It is then poss ib l e  t o  p l o t  t he  i r r a d i a n c e  of the unknown source as  
a func t ion  of wavelength by reading the  d a t a  a t  a s  many wavelengths as 
are needed t o  give a good r e p r e s e n t a t i o n  of t he  "shape" of t he  i r r a d i a n c e  
curve. That i s ,  when determining the n p e c t r a l  i r r a d i a n c e  of a " l ine"  
source,  the i r r a d i a n c e  is computed every 2 nm i n  the u l t r a v i o l e t  where 
the r e s o l u t i o n  of the monochromator is r e l a t i v e l y  good (about 1 - 2 nm), 
every 4 nm i n  the v i s i b l e  ( r e so lu t ion  about 4 - 6 urn), every 10 nm i n  
the IR out t o  about 1.5p where the monochromator's r e s o l u t i o n  becomes 
inc rea r ing ly  l e a s  (from 10 - 50 nm) and every 20 nm from 1.5p t o  2.5p. 
B y  using the i r r a d i a n c e  value8 a t  these wavelength8 and the a c t u a l  
recorder  t r ac ings ,  the s p e c t r a l  i r r a d i a n c e  of t h e  unknown source i s  d e t e r -  
mined. 

The t i m e  required t o  reduce the  d a t a  i s  s i g n i f i c a n t l y  reduced by 
t a b u l a t i n g  the recorder  d e f l e c t i o n ,  a m p l i f i e r  gain s e t t i n g ,  and the t r a n s -  
mittance f o r  each source d i r e c t l y  on For t r an  coding forms. A t y p i c a l  
computer p r in tou t  f o r  a p a r t i c u l a r  source (BW-1) over t h e  W and v i s i b l e  
range i s  shown i n  Table I. The def in ing  equat ion f o r  determining the  
s p e c t r a l  i r r ad iance  E2 a t  wavelength h (nm) i s  given as: 

E, D G T -  L S P 

E2 ' DS GS 7 

-2 where E l  - Spec t r a l  i r r a d i a n c e  of s tandard,  QM-173, (pW c m  

D = Recorder d e f l e c t i o n  f o r  B R F - 1  

G = A m p l i f i e r  s e t t i n g  f o r  B R F - 1  

T = Transmittance of screen used w i t h  BRF-1 

DS = Recorder d e f l e c t i o n  f o r  QM-173 

= Amplifier s e t t i n g  f o r  QM-173 

- Transmittance of dcreen uaed w i t h  QM-173 

nm-l) 

GS 

E The p r i n t o u t  i a  supplemented by a p l o t  of 2 v 8 A. as can  be seen  i n  Finurp 2. 

* One set  cons i s t ing  of a complete scan of each source over t h e  e n t i r e  
s p e c t r a l  range 0.25h - 2.5h 
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. .  
However, it should be noted that although the resulting curve gives 

a true representation of the continuum, a true representation of the spectral 
emission lines is impractical. Since line widths vary considerably, 
especially when the source is operated at very high pressures, the lines are 
arbitrarily shown in one of three ways -- namely, as plotted by the par- 
ticular instrument, as triangles of arbitrary base, or  as rectangles of 
arbitrary base. For most of our work, the first method is used for best 
representing the data since most of the line sources examined contain spectral 
lines which are relatively broad or which tend to extend into overlapping 
U ~ L &  cl-,d also siare thls m t h o d  affords greater c m e  ir. the rer luct ior !  n f  
the data. 
1. - 

IV. Photoelectric Filter Spectroradiometer (Instrumentation) 

The photoelectric filter spectroradiometer which is shown diagramatically 
in figure 3 is built around a set of 36 narrow band-pass interference filters 
which are mounted at 10" intervals on an aluminum disk and which can be 
rotated by a 36-position T.V. antenna rotor to any one of the 36 positions. 
A spring and cam arrangement insures that each filter can be positioned 
directly in front of the detector. 
by merely setting a dial to the corresponding filter setting. 

A particular filter can be set in position 

Two detectors, an RCA 1P28 photomultiplier and a PbS cell, are mounted on 
an adjustable table so that by means of an adjustable screw either detector 
can alternately be brought into proper horizontal position after the dual 
detector housing is mounted and adjusted for correct vertical positioning. 

While it is not absolutely necessary to use an integrating sphere with 
this instrument, its use is recommended since small errors due to variations 
in detector surface sensitivity and small errors in determining the true 
optical distance from the source to detector may occur. A 4" diameter Bas04 
coated integrating sphere having a 3/4" diameter entrance aperture and a 
1/2" diameter exit aperture has accordingly been incorporated into the instru- 
ment. 

In order to eliminate stray radiation, the eiltire system is enclosed in a 
light-tight box. Again, to facilitate measurements on the source under inves- 
tigation and the standard of spectral irradiance, the entire set-up is mounted 
on an optical bench (lathe bed) and arranged for rapid interchange of position 
between the two sources. 

The electronics employed with the filter set-up along with the read out 

However, a duplicate chopper is required since 
system, light shield and attenuating screens are identical to those used with 
the prism spectroradiometer. 
the chopper itself is an integral part of both systems. 

V. Photoelectric Filter Spectroradiometer (Measurements) 

Although the spectral band-passes of the interference filters are r e i a t i v e i y  
narrow as shown in Table 2 for filters representative of various portions of the 
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spectrum, it is necessary to determine the "effective wavelength" for each 
filter-detector-source combination. From a knowledge of the spectral trans- 
mittance of the filter, the relative spectral response of the detector and 
the relative spectral energy distribution of the source, the effective wave- 
length heff can be calculated through the use of the following equation: 

The limits of 
transmittance. 

effective wavelength 

relative responsivity of detector (V/ (W cm-2nm-1) 
spectral transmittance of interference filter 

2 relative spectral irradiance of source (W/cm nm) 

wavelength 

integratian. h and 12, are taken as the wavelength of 0.1% 17 

In most cases the effective wavelength of the standard lamp-filter- 
detector combination is very nearly equal to that of the unknown source- 
filter-detector combination throughout the continuum whereas in the vicinity 
of strong emission lines these differences in h 
significant. However, once the effective wavelength for a particular type 
of source (filter-detector-source combination) such as a xenon arc lamp has 
been determined, it is not essential that h ff be redetermined for other 
xenon lamps since any differences between tfie relative energy distribution 
of the lamps would have to be radical in order tn detect any change in heff. 
In tables 3A and 3 B  are shown the effective wavelengths for a number of 
filters when used in conjunction with various sources over the photo- 
multiplier spectral range (Table 3A) and when used over the PbS spectral range 
(Table 3 B ) .  

for each source may be eff 

In practice, measurements with the filter spectroradiometer are made with 
the standard of spectral irradiance at a distance of 50 cm from the entrance 
port of the sphere. 
lamp is at least 100 or better at the various wavelengths. 
the unknown source is compared directly to that of the standard by alternately 
allowing the filter spectroradiometer to view one source and then the other for 
each wavelength of interest. The spectral irradiance of the unknown source is 
given by the following relationshipi 

The signal-to-noise ratio when looking at the standard 
The irradiance of 
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where 
= spectral irradiance at (heff)' for the unknown source 

= spectral irradiance at heff for the standard lamp 

= detector response for unknown 

= detector response for standard 

E (heff) 1 

Eheff 

Rx 

Rstd 

I The computer printout for a 2500-watt krypton arc when compared to 
nc.....ar-..a n w - 7 7 9  .ts -h..-- 3- ~ . . L T -  -,. f 
- b a - - a A -  ~ L L  The garsixters E2, El, etc., are 

The spectral irradiances of a number of sources have been measured by 
using both the prism and filter spectroradiomcters and the correlation of 
the results on a few of the sources measured is shown in Figures 4-10. In 
all cases, the solid line represents the spectral irradiance as determined 
through the use of the prism spectroradiometer and the circles are repre- 
sentative of the spectral irradiances as determined with the filter spectro- 
radiometer. The figures are divided into two parts (A and B) with the A 
section shuwing the spectral irradiance of the source from 0.25~ to 0.75~ 
and the B sections from 0 . 7 ~  to 2.5~. Since Figures 4 ,  5, and 6 are 
representative of continuous sources, the A sections of thes figures have 
been given two ordinate scales; namely, 0 to 1.8 pW nm-' from 25@ nm 
to about 340 nm and 0 to 70 p,W nm-l from about 340 nm to 750 nm. 

As shown in Figures 4-6, the agreement between the two methods of 
measurement is very good,the difference being less than 1% in most cases, 
and the largest difference being about 3%. 

When high pressure arc sources are measured, the general agreement of 
the results between the two methods of measurement is not as good as the 
agreement for the continuous sources. The results, nevertheless, are 
encouraging. In Figures 7-10 are shown the spectral irradiances of various 
high pressure arcs which are representative of the sources commonly used in 
a number of solar simulators. 

In figures 7A and 7B the flilter results for the majority of wavelengths 
on a 2500-watt high pressure xenon arc fall within a couple of percent of 
the curve derived via the prism instrument. However, there is a 7% dis- 
crepancy at 260 m and a 5% discrepancy at 290 nn. 
the two methods is surprisingly good in the spectral region 0.8~ to 1.51.1 
where a number of emission bands are present. 

The agreement between 

i n  figures 8 to 10 are shown the spectral irradiances of a 2500-watt 
The high pressure HgXe arc and two 2500-watt high pressure krypton arcs. 
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fact that the correlation of results for the krypton arcs are not as good 
as the correlation of results for the xenon arc can be attributed primarily 
to the instability of the krypton arcs. 

It should be noted that in the majority of cases in the IR past 1.0 
micron, the spectral band-passes of the interference filters are narrower 
than the band-pass of the monochromator. 
situation is reversed. 
filters transmit at wavelengths of strong line emission or if they transmit 
at wavelengths between two linea that are relatively close to each other. 
For example, in Figure 8A, the filter set-up gives lower values at the 
365 nm, 405 nm and 546 nm emission lines since their re~olution is not as 
good as that of the monochromator. In the IR at l.lp, 1 . 3 ~ ~  and 1.5~ (see 
Figure 8B), the monochromator gives higher values than the filter set-up 
since these wavelengths are situated between strong emission lines. 
first case, the monochromator values would be more nearly correct, whereas 
in the second case, the filter values would better represent the actual 
irradiance of the source. 

In the W and visible, the 
This effect is quite noticeable in areas where the 

In the 

V I I ,  Concluding Remarks 

The clorr correlation of the spectral irradiances of the sources 
examined through the use of both the prism spectroradiometer and the 
photoelectric filter epectroradiometer suggests that repeated spectral 
energy measurements of solar simulators by using the monochromator method 
is not always essential. After the spectral irradiance of the solar 
simulator has been carefully determined by means of the more elaborate 
prism spectroradiometer, a simple photoelectric filter set-up can be used 
as the sole instrumentation for periodically checking the irradiance at as 
many Wavelengths as desired. 

Efforts are presently being made toward setting up a simple thrrmo- 
electric filter spectroradiometrr to obtain a third "check" on the photo- 
electric filte nd prism spectroradiometric results. In this case, a 
"cavity" type thermopile calibrated in total volts per watt output by 
means of an N.B.S. tungsten filament lamp standard of total irradiance will 
be used in conjunction with a set of relatively wide band-pass filters. 
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Table 2. 

h (nm) 

2 60 

2 90 

360 

43 6 

500 

600 

800 

1000 

1200 

1500 

1800 

2400 

Filter Band-passes 

Band-pass (nm) 

20 

16 

12 

5 

8 

12 

19 

17 

14 

14 

17 

50 



Table 3A. Effective Wavelengths of Filters when used 
with a Photomultiplier and Several Sources 

296.6 

361.3 

391.3 
437.0 

451.5 
550.1 

579.0 
640.4 
680.1 

294.7 
361.4 
391.0 

436.9 

451.4 
550.2 

579.0 
640.4 

680.0 

294.8 
361.4 

391.2 

437.0 

451.5 
550.1 

579.0 
640.3 
680.0 

298.2 

363.9 
390.7 
438.1 

451.0 

549.1 

579.2 
640.4 

680.3 

Table 3B. Effective Wavelengths of Filters when used 
with a PbS Cell and Several Sources 

640.8 
681.6 
699.1 

799.6 
900.7 
1001.6 

1193.9 
1299.6 

1697.8 

640.8 
081.5 
699.1 

800.2 

900.1 

1001.1 

li94.3 
1300.0 
1698.4 

640.7 

681.4 

699.0 
800.1 

900.6 
1001.2 
1194.0 
1299.2 

1697.8 

640.8 

681.8 
699.0 

799.7 
900.4 
1001.8 
1194.1 
1299.6 
1698.9 
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Legends t o  I l l u s t r a t i o n s  

Figure 1 Opt i ca l  layout  of monochromator and block diagrarr? of prism 
spectroradiometer.  

Figure 2 Computer p l o t  of the s p e c t r a l  i r r a d i a n c e  of source BRF-1. 

Figure 3 Block diagram of pho toe lec t r i c  f i l t e r  spectroradiometer.  

Figure 4 A  Spec t r a l  i r r a d i a n c e  of 1000-watt Quartz Bromine No.1 from 
250 nm t o  750 nm. 

Figure 4 B  S p e c t r a l  i r r a d i a n c e  of 1000-watt Quartz Bromine No.1 from 
0 . 7 ~  t o  2.51.1. 

Figure 5A S p e c t r a l  i r r a d i a n c e  of 1000-watt F ros t ed  Quartz Bromine 
No.1 from 250 nm t o  750 nm. 

Figure 5 B  Spec t r a l  i r r a d i a n c e  of 1000-watt Frosted Quartz Bromine 
No.1 from 0 . 7 ~  t o  2.5p. 

Figure 6A Spec t r a l  i r r a d i a n c e  of 500-watt Quartz Iodine i n  aluminum 
r e f l e c t o r  from 250 nm to  750 nm. 

Figure 6B Spec t r a l  i r r a d i a n c e  of 500-watt Quartz Iodine i n  aluminum 
r e f l e c t o r  from 0 . 7 ~  t o  2.51-1. 

Figure 7A Spec t r a l  i r r a d i a n c e  of 2500-watt Xenon arc No.1 from 
250 nz t o  750 nm. 

Figure 7B S p e c t r a l  i r r a d i a n c e  of 2500-watt Xenon arc No.1 from 
0 . 7 ~  t o  2 . 5 ~ .  

Figure 8A S p e c t r a l  i r r a d i a n c e  of 2500-watt HgXe a r c  No.1 from 
250 nm t o  750 nm. 

Figure 8B S p e c t r a l  i r r a d i a n c e  of 2500-watt HgXe arc No.1 from 
0 . 7 ~  t o  2 . 5 ~ .  

F igu re  9A S p e c t r a l  i r r a d i a n c e  of 2500-watt Krypton arc No.1 
from 250 nm t o  750 nm. 

Figure 9B S p e c t r a l  i r r a d i a n c e  of 2500-watt Krypton arc No.1 from 
0 . 7 ~  t o  2 . a .  

F igu re  10A S p e c t r a l  i r r a d i a n c e  of 2500-watt Krypton arc No.2 from 
250 nm t o  750 nm. 
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